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Much attention has been given to the theory of commutation in 
direct current machinery but few einai to measure the current 
flowing in the coil that,during cammutation,is short-circuited 
are on record, 

An attempt will be made in this paper to throw a little light 
on the subject of this measurment,and on the factors governing 
the magnétude and the law of variation of this current under 
different give conditions. The first,in importance,of these 
factors is that. of contact resistance, By the term contact 
resistance is understood the resistance of the contact between 
the surface of the commutator and that of the brush, This ‘ 
contact resistance is the main factor in determining whether or 
not the current during short-circuit will or willnot be 
egcessive in magnitude,and,in general has no bearing on the rate 
of change of the current. 

The rate of change or shape of the wave of this current will 
depend on the self induction of the coil,the frequency of 
commutation and upon the electromotive forces induced in it 
at the different stages of commutation, 

As this wave form is,at present,of secondary importance to 
the magnitude of the current I will first take up the questions 
of contact resistance, 


For the purpose of determining this resistance under various 
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conditions a commutator was mounted on a shéft running in bear- 
ings and equipped with a belt and pulley wheel. To remove all 
inductive effects this commtator was mounted without an 
armature and to secure the passage of a current from one 
segment to another,or others as the case may be,a brass ring 
was soldered to one end making good contact with each segment. 
This commtator was run by a variable speed motor and the resis- 
tance determined by the fall of potential method which required 
the following apparatus:- 

1 Weston portable voltmeter ( 0 + 5 ) 

1 Weston portable ammeter ( 0 - 50 ) 

1 Tachometer, 

1 Lamp rack and source of supply current. 
The apparatus was connected as shown in the scheme on the 
following page. The brushes used were of carbon in all cases, 
three grades being used and designated as fol lows:- 

No. 1 Of medium fine grain and medium hardness 

pet eas 5 z 7 harder than No. l. 
" 3 " extemely fine grain and very soft. 

Brushes Nos..1 and 2 were such as are met with in American 
current practice. No. 8 was of French manufacture and was 


more of a graphite composition than of ordinary carbon, The 


conductivity of No. 3 was almost four times as great as that 
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of Nos. 1 and 2,which ancinedaly equal. 

The tests made on these brushes were to determine the 
relation of their contact resistance to the following conditions 
or qualities:- 

ba speed. 
2. lemperature, 
3. Current density. 
A determination of their coefficient of friction was also made. 

To determine the relation between the contact resistance and 
speed a series of runs were made in which a constant current- 
density was maintained im the brushes and the speed varied, At 
each variation of the speed readings were made on the tacho- 
meter,voltmeter and ammeter, The temperature in this case 
was kept as nearly constant as possible by running the con- 
mutator,before any reading was made,until the temperature ceased 
to rise. At various speeds varied amounts of heat were gen- 
erated but owing to the slight amount of nae ecee due to this 
no appreciable error was introduced. 

The temperature effect of contact resistance was unsatis- 
factory from all points of view. The commutator was so large 
in proportion to the amount of heat generated in that its temp- 
erature was but slightly affected and external heating was 


resorted to. This was accomplished by means of incandescent 
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lights were placed under and within two inches of the com- 
mutator, This series of runs was made at constant speed and 
current and when the voltmeter showed an appreciably drop over 
the brushes and commutator readings of speed,current and poten- 
tial drop were made and the commutator stopped. The temper- 
ature was taken by means of a thermometer placed on the surface 
of the commtator and covered with waste. 

The third set of runs,made at constant speed with variable 
current density,were made by running the commutator at a given 
speed with maximum current until a constant temperature had been 
reached,then the current was reduced and readings immediately 
taken on all instruments, With this precaution I beleive that 
temperature errors were practically eliminated. After each set 
of readings the current was raised to full value and allowed 
to remain there three minutes before it was again reduced in 
order to obtain readings, 

The brush rigging was mounted so that it could be free to 
rotate,in order to obtain the coefficient of friction. The 
method of doing this was to balance the torque,exerted on it 
by the brushes,by a spring balance, Readings were made for 
various brush tensions and commutator speeds. 

The brush tension in all the following data was one and a 


half pounds per square inch except in cases where noted. This 
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brush tension was obtained by means of a spring balance. 


The curves for any set of data are on the page or pages 
immediately following it. When two sets of data occur on one 
page the first curve met with will be plotted from the first 


set of data on that page. 


Before each run care was taken to see that the brush was 
fitted to the surface of the commutator. In cases where the 
brush did not bear all over its surface it was ground to the 


contour of the commtator in the usual manner with fine sand- 


paper and the marks of the sand-paper removed by running the 
commutator for some time before the readings were started. The 
surface of the commutator was smooth and well polished in all 


cCaséS, 


; TEEN & 


bow avi: Abgomp Blew costa Be nc 


pave i 
co gaint 
. et 


By) FE Se ing Va he wat a 


Ny 
ie) tt heequaaiied hh ar Boat ‘leben: 
tobe St hd fore hier ee gs nevi he ! ; 
i. 2 3 ¥& a 


ay dest? oe oe “dena Lah 


2 o80) Ge tare xis as ‘eg atenitl 
toh SSC aa "9 ead tae 3 ‘asin 
iI Rie Tee: Balk! SS rea tO i Geler 
Win) Liste LO Bede das ate ine seamen 
ht Sui ug eter ete ee cba ee 
te Wee ty BO ie nee vail wien tieboo 


104 


110 
118 
128 
128 


12. 


0.02 
0.08 
Oe 
0.11 
0.120 
0.188 
0.192 
0. 208 
0.220 
0.200 
0/ 268 


«l'7'60. 
- 2000 
2144 


0.38000 . 2400 


0. 850 


. 2800 


Peale? 


“A 


6 
] 
nie 
es 
=z 
o 


“OS N20Zi1310 3N3DNF 
Bett Bet erat thi 


} +1 iseneeet 
weit 


aia 


pcscueue Beceeeeacas! paspeeses oct! 


_ - a , 


fd 
& past Oh 
: ¥ 


ae ee eS ge ae 


100. 


105, 
120. 
128. 


Rl. 
3. dU 
3. UU 
2. 29 
1, 60 
T.387, 
1. 3U 


1.UU 


a 


26. 


él. 


I. 
12.0 


Time, 


10: 


o4 


3: 37 


°40 


:48 


ibe 


07 


> 20 


: 40 


ie 

0.025 
0.058 
0.088 
0.091 
0.108 
0.125 
0.176 
0.217 
0.229 
0.291 
0. 3d 


Rig" 
0/020 
0.0464 
0.0664 
0.0728 
0.0864 
0. 1000 
0.1408 
0.1786 
0.1882 
0. 2828 
0. 2640 


Hil fete 
0.2912 
0. 2080 
0.1712 
0.1160 
0.1096 
0.0984 
0.0800 


Ae 


Tor he. > EC aye 


tnt 
$4 


+ 


Hea 


iat 


to it f 4 Seeecueeeee 
ae SCRE SESSGSRGGE GERePesees Seen eREES CEee 


PH 
TUGENE Divs or™ ©O.. CHICAGO. 


ud 


R. 
0.45 
0.3807 
0.2836 
0.258 
0.160 
0.142 
0.116 
0.1138 
0.110 
0.104 
20919 
0.0909 


0.440 
0. 290 
0.216 
0/190 
0.153 
0.136 
0/122 
0.109 
0.102 
0/095 
0.0910 


BN". 
0. 3600 
0. 2456 
0, 1888 
0.2024 
0.1280 
0.1136 
0.0928 
0.0914 
0.0880 
0.0832 
0.0736 
0.0727 


0. 302 

0. 282 

0.1728 
0.1520 
0.1224 
0.1088 
0.0976 
0.0872 
0.07 66- 
0.0760 
0.0728 


“O39 NIOZ1310 INZONF 


* 


*% 


he fs 


Via 
0.7500 0. 60000 


860. 
Segre WOO" 0.4500 0.36000 


S10 Ue a 0.27000 0.21600 
mace g mu. 50)" ° 0.2100 0.16800 | 
| He 1.60 0.1300 0.10400 " 
Brees) 107 "0.10 ~ 9.08480 q 
f Bsr 2.00," 0.0909 0.07272 , 4 
4 26.75 220 “ 0.0820 0.06560 ‘ 
4 . 7 
Ses 1.75 720. 0.140 01120 
| ene TGan eos” (05480), 0.1040 z 
a . 1985 990, 0.148 0.1184 
be . 1.95 1060, 0.1560 0.1248 4 
e oA 200) RIMS.) 0.160. 110, 1280 i 
i . 2.25 1197, 0.180 0.1440 
| é 2290. 1260. 0.282 0.1856 
¥ . 3.60 1330. 0.288 0.2304 ; 
of : 4,25 1395. 0.344 0.2752 | 
. 5.25 1460 0.420 0.3360 | 
: 6.20 1520 0.490 0.3920 
; 


cs (10). 1990, Q. 560 0.4480 


Ss 


rs 
| 
< 
= 
= 
co] 
3 
° 
z 
© 
s 
N 
e 
a 
o 
“ 
z 
el 


3. 20 


8, 65 
10.75 
13.50 
19, UU 
27.00 
22.00 
29. 9U 
380. 5U 


#9. 
R. 
0.234 
0, Blo 
0.178 
0.161 
0.111 
0.090 
0.0754 
0.0709 ° 


Ry". 
0.1872 
0.1720 
0.1404 | 
0.1288 
0.0888 
0.0720 
0.06082 
0.05672 


0. 3680 
0.1848 
0.1568 
0.1416 
0.1048 
0/8240 
0.0936 
0.0768 
0.0784 


GUVIIND “OD NZ0Z131C INAONF 


juss GHESESEGEE SeeESeEEat 


4 

+4 
tt 
rt 


tetsrly 2a AAs ttt 


eaganal tt ro 
bribe ren Sy er ether tr 


Seseeeea:” 7774072748 GRRSEET a+. (32A2///2.- 6 fa 
SReuuGsuec eases t042>7,7<(7,5'7.2"2=(¢8258 


i 
t 
i 
| 
4 
} 
j 
4 
+4 
{i 
i 
i 


| 


SaS ROSEe SERSS Seens Seeeeseeee ee 


R. i) ie 


6.75 1.65 1130. 0.280 0.2240 


(See : 0.300 0.2400 

9.00 1.90 : 0.210 0.1680 

11.60 2,25 : 0.194 0.1552 

14,80 2.30 . 0.150 0.1200 

1675 2,65 : 0.164 0.1412 

21.50 2,70 : 0.125 0.1000 
| 28.50 2.90 - ; 0.101 0.0808 
| 31.40 3.00 : 0.0955 0.0764 

#2, 
rele ip Bem. VARS oC R/S, 


sy Gaye 8 13) 1269, 0.128 0.1456 


9.60 1.40 ; 0.145 0.1160 

Me Mo 2: 30 . Oreo) 0.1720 

13550... 2, 65 : 0.196 0.1568 

16,00 2.80 4 Geld: (Oc l a0 

90.75 2.95 . 0.142 0.1186 

, 24.50 3,05 ‘ 0.124 0.0992 

| Boop) .ao20 | Le) 0.105 0.0840 


once er cone ht 0.102 0.0916 


2 NSOZIZIG INIBIONGF 


02 } OZi310 INBOND 
OFF H } a ro 
95 SSEES REN SEE ee cee Bl 
FEE Whi pyrgad Soar rent eh” 


tt 


t 


lt Cheensise7- 
I Anite wastes 
SSBEBEBI~/.1J.1mu-o). 7-4-4 ib-S-F_ awe sw Ze ea 4 ele Be 


efi 
ys 
a » 


. 


2. 40 


2.9U 
3.15 
3. 4U 
3. 60 
3. 65 
3. 70 
3.70 
3.79 
3. 85 


"Tiva e's Mie 


13380. 


#3. 


Re 
0. 600 
0.409 
0. 32U 
0.322 
0. 264 
0.199n 
0.146 
0.1380 
Q0.115 


#14, 


R/ ™. 
0.4800 
0. 8672 
0. 2560 
0, 2076 
0.20612 
0.1592 
0.1168 
0. 1040 
0.0920 


I de 
0. 6000 
0. 3200 
0. 2648 
0.1984 
0.1576 
0.1536 
0.1352 
0.1128 
0.1080 
0.1000 


/ 


“OOV3SIHD “OD N30Z131C INIONF 
SESSSuGSeGue5eee' 77U0CSEnG SEEEnG! 


cus cansns 


; ie 
a Le 


t 


) 


pot Ht 

rt | averey DEE 

es ww (ALISA LAL TED 4 
COON OWE 4 SYS 92 LOK ANOD 


I 
} 
} 


ee! 


} 


3. 2U 
3. 6U 
3.79 
3. 9U 
4,UU 
4, UU 


4, 2u 


RPM. 


1460. 0. 
" 0. 
od 0. 
" 0. 
- 0. 
" 0. 
; 0. 
" 0. 

#16. 

RK. PH. 

1530. 0. 
ip 0s 
" 0. 
" 0. 
: 0. 
" 0. 
: 0. 


R. 
040 
427 


366 


250 
131 
159 
140 
126 


Re 

727 
400 
340 
201 
195 
149 
185 


uals 
0.4320 
0. 3516 
0.2328 
0. 2000 


0.1048 © 


0.1273 
0.1120 
0.1008 


R/ 
0.5816 


0.3200 


0. 272 
0. 2008 
0.1560 
0.1192 
0.1080 


OUVIIHND “OD N2Z0Z1310 BNAIDNI 


ssanaasueecceneeee 


ae 


Ae Aa i 
ae i i. : ; lone \ 


ieee 
0.7328 
0.7728 
0. 0800 
0.0904 


be Se ae nd 276. 102188", 20. 1020 

eeeece Oh 23) |) 1asd.) 0,144) 9.1182 

a Peet se Hor) Cbta5, 0.172. 0.1376 

in #18, 

i oe ASI. AE 8 a ea 

4 1. 90 900. 0.542 0.4336 

| 8225 : 0.409 0.3672 

2.75 " 0/333 0.2554 
3, " 0.241 0.1928 
3, 5U . 0.212 0.1696 
3. 7 . 0.164 0.1312 
3. 8U : 0.1438 0.1144 
4, UU " 0.138 0.1104 


| 


i NOVLLIPEGA AFIS) 
CO ZITAT SONALI SSIS LIE LNOT 


aus aesecssese 


° 
SI 
< 
a. 
=z 
° 

> 


ul 


NK DIETZGEN CO 


ee eo as ar. Woe a 


nl. 


1.75— 


1,90 
e720 
2.1U 
Ze QU 
2. 8U 


R.P.M. 
1000. 


#20. 
R, P.M. 
1130. 


“" 


Re 
0. 200 
0.173: 
0.146 
0.138 
0.120 
0.108 
6.0975 
0.0938 
0.087 
0.083 
0.084 
0.083 


R. 
0.145 
0.184 
0.090 
0.097 
0.097 
0. 080 


Bi ihe 
0.1000 
0.0886 
0.0730 
0.0515 
0.0600 
0.0515 
0.0487 
0.0460 
0.0436 
0.0416 
0.04.20 
0.0415 


1) eee 
0.0720 
0.0670 
0.0450 
0.0480 
0.0480 
0. 0400 


a ai 


CT IBE 


t 


—* ~ 


5 a 


EUGENE OIEKTZGEN CO.. CHICAGO. 


REP.M. Re 
1260. 0.240 
. 0.154 
0.122 
0.110 
0.106 
0..95 
0.088 


220 
RPM. R. 


1400. ° 0.400 


: 0.219 
: 0.154 
Bey eke 50. 2.9 ‘ 0.148 0.074 
Be My ok: 80 3,0 : 0.139 0.069 | 
26.50 3.1 " 0.117 0.058 
31 5013.2 “ 0.101 0.050 ‘ 
’ 
7 


Bt) if bi 
a, an a ee LA 7 ae 


s 
ase saannaenes 


on 
SECRRGSER Sees 
Beacun8 
Anne a 
SURG GREED EEeeS 
UPN A SHON ORE A 
SGGR6 Rens OneYE 
Pt Pt 
Crrerrrrrrrs 
Seasheassessaana 
RORERGSRee Rhee 
Seas Seanesnass 


Jcvauceasnenae 
SESk Reever 


ot Seenad eetanace 
S8585 CAgan eee 
25 Petre nke. 


SAUCE TOSS RESES Coens Ke 
S0BG55 A688 eR0Rr nes 
MOOSSS SOSPT CRGES SEeeSsenAS 


SaGoe Serer eres. 

SSOenGenon wees 

SSSSESS5Oe aoe ees 

SERRE REaSS ot Susauseas Seeneenn 
BRSOND AEOGT AAs RARE Ae 


i S00EG RONS* S008 FESS Paes ee 
oUSuae CORK) RSREESEEAS CEOS eEE. 5G 
a suas iss: 


cues 2 
BREE Ee Ee ee nossssaser fi ra 


9,079 i 
0.078 0.039 765. 


Hae 
b.9 
2.1 
2.2 


38.0 


2.7 
2.9 
38.0 


0.081 0.040 810. 
0.081 0.040 855. 
0.0938 0.046 900. 
0.098 0.049 9&5, 
0.098 0.049 990. 


0.105 0.052 10385, 
0.110 0.055 1080. 
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0.085 0.0425 7206) 
0.097 0.0485 765, d 
0.109 0.0545 —«-80., | 
0.120 0.0600 855, 
0.125 0.0625 900. 
0.200 0.1000 946, 
0.155 0.0775 «990, 
0.160 0.0800 1035, 
0.200 0.1000 1080, 
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0.055 720. 
0.080 765. 
0.090 810. 
0.120 885, 
0.135 900. 
fs . 3.5 0.950 0.175n 945, 
‘3 gus) 0. 0.186” 0, 158 990. 
a . 2.75 0.248 0.124 1035 
a ee esc00 0.226) 0.113) 1080, 
i 
z #26, | 
4 ‘i L Ri. Re Rihies R. P.M ; 
Bi Basie be 200,128... 07062 720. 
" : 1.70 0.180 0.090 765. 
i, ie 1, 75). Qh 248 5G, 124 810. ; 
Ree). 2200) 0210. 0,108 | asa, 
in . 2.30 0.242 0.121 900. 
i : 3.00 0.816 0,158 945, { 
4 “ 3.00 0.316 0.158 990. 


2.75 0,248 0,124 1036. 
2000.) 0/284 | 0.142 1080. 


OF NIOTIZIGC SNIONF 
DORs io 27 ee od © [2m 


bit 
Ny 


— 
} 


i 
; 
: 
; 


Ht easton to 

WINE EY Ser eA OD 
| | i 

+ 


sep 


| ; 
; 
on el 


' 
| 


Sinaue Eaneniaien eneaiantpemeaael 
; 
' 
r 


Race 


| 

; | 

3S6 SESES ESSER SRSEs wi 
i i : 

| 


c2a8 


mae 


Fs 
| 
; 


EEE EERE ods SHEER 


% hea ae 
2 ee <-1- 
oie <- 


* 


ean)" #27. " 


i Brush #8. fe 
i ! fi Tens. R.P.M. Scale, K. y 
oi 30. 800. 16,0 1.41 

nT , 900. PRO gi oleae 4 

- : 1020. 14.0 1232 | 
‘Mf " 1150. 13.5 1,28 ‘| 

a " 1275, 13.0 1.23 | 

ie ' 1425. 12.5 1.19 

| Ryne 1610. 12.0 1.14 
. | #28. q 
a | Brush #2. { 
ae Renee eMpaaPsWa 1, Seales 21K: | 
a 40, 800. 18,0 1.21 : 
eg, . 900. 17.5 1.17 ; 
4 " 1000. 17.0 1.14 . 
i ‘ 1200. 16.0 1.08 
q “f 13800. 14.0 0.94 ' 
B ROA 262101078 12.0 0.81 
; #29. . 
40. i360,  - 16.6 Ill 
7 (Note) Brush number two was inclined about ten degrees } 


against direction of rotation of commutator. 
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It will be noted in the foregoing curves and data that the 
contact resistance is not a linear function of either the speed 
or current density. In the case of the speed contact resis- 
tance curves this may be explained from the fact that the im- 
pulses which are given by the passing of each segment,occur 
oftener and are of shorter duration as the-freqiency of com- 
mutation increases, As these impulses occur oftener the | 
spring meets with a greater resistance in restoring the pressure 
between the brush and the commutator to its origonal value and, 
as the natural period of the spring is many times the period of 
the impulses,there is not the same pressure exerted normally to 
the commutator by the brush: as in the case where the frequency 
of commutationi s lower, 


Areuing from this stand-point there will be a point at which 
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the tension of the spring will be balanced against the impulses 
and no decrease in the pyessurs of the brush on the commtator 
will be noticed. This point is shown in curve number one, It 
was found on others when the speed was carried high enough, In 
cases where the commutator ran against the slant of the brushes 
this point occured at speeds much above those used in modern 
machinery. 

The point where a given increment of speed has a minimum 
effect in increasing the resistance is met at lower speeds 
where the brush slants in the direction rather than where the 
slant is opposed to the direction of rotation. This is because 
in the first case practically all the shock piven the brush is 
taken up in forcing the brush away from the surface of the 
commutator while in the second case there is a component forcing 
the brush in the direction of rotation which tends to maintain 
the pressure between the brush and the commutator. This comp- 
onent also increases the frictional rsistance given to the rel- 
ative motion of the brush and holder which gives less displac- 
ment and is consequently more quickly overcome by the spring. 

The fore going may perhaps be made more clear by considera- 


tion of figures A and B, 
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The friction between brush and commutator in both cases exerts 
a force on the brush in the direction indicated by P.,which in 
case one will tend to make the brush bear harder on the com- 
mutator, In case two the pressure will be somewhat releived. 

A curve for the condition one is shown on curve sheet number 
two and in case two is shown on curve sheet number one. The 
only difference in conditions under which these two curves were 
made was that of the brush slant. 

From these considerations it will be seen that a brush having 
slant in the direction of rotation is to be prefered in cases 
where the peripheral speed of the commutator is low. At high 
peripheral speeds there is but little choice between slant for- 
ward and slant backward, 

If the slant be opposed a brush holder must be used in which 
the brush is free to moveand the holder perfectly rigid or the 
pressure may become so great as to drag the holder around its 
stud and damage the commutator, When the slant is in the 
direction of rotation a holder that moves with the brush is to 
be prefered,for,the brush is then held rigid in two directions 
and is not so free to “chatter”, 

The pressure that is added to that of the spring by friction 
between the brush and commutator makes an error in the coef- 


ficient of friction as determined wien the machine is running. 
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The coefficient is calculated with regard to the magnitude of 
the tension in the spring which is much lower than the actual 
pressure between the brushes and the commutator, This gives a 
coefficient that is high in value and differing for diferent 
slants against rotation but nearly constant and correct if the 
brush be slanted in the opposite direction. 

These coefficients were found by balancing the torque on the 

holder by means of a spring balance and the forces of friction 

calculated by taking moments about the center of the shaft of 
the machine, 

The sets of data numbered twenty seven and twenty eight were 
made with the brush perpendicular to a tangent of the commutator 

SCChEaSES 

and show that the coefficient of friction,in proportion to 
ees sae speed, This is what may be expected if the hyp- 
othesis advanced in regard to resistance increase is true. 
This coefficient as determined with the brush in this position 
relative to the commutator will be the true coefficient. That 
in data number 29 was made when the brush was inclined against 
the direction of rotation and shows conclusively that,in the 
case where the brush has this position,there is a greater pres- 
sure between the brush and the commtator than is given by the 
spring alone. Calculating backward from the coefficient of fric 
tion it is found that the increase of pressure is about 15%, 


The incline of the brush was approximately ten degrees. 
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The curves made to show the relation between contact resis- 
tance and current density are somewhat surprising. At first it 
was beleived that the decrease of resistance might be due to the 
temperature changes but after a careful repitition the curves 
were found to repeat themselves. Constant temperature was 
obtained in this case by allowing thw brush to carry maximum 
current at all times except when readings were made, There 
readings were made as quickly as possible after the current was 
reduced in order to miniminize any changes of temperature by 
radiation. 

The fall in resistance is greater than could possibly be 
attributed to the change of resistance in the carbons within 
the temperature range that was maintained, | 

This fall in potential might possibly be attributed to an 
electrolytic action in the infinitessimal air-gap that exists 
between the carbon and the commutator, In this case we might 
make the assumption that finely divided carbon forms the con- 
ducting medium in the gap and that more is carried from the 
brush at high currnet densities than at lower densities. 

Besides the above given theory there is one other that might 
be advanced,namely,that there may possibly be a rearrangment of 
the molecular or atomic construction of the brush, This seems 


more probable than the former, 
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If the first explaination be the true one a different res- 
istance might be expected at the positive brush than at the 
negative one,for a given set of conditions. The potential 
drop for a constant given current might be a little lower for 
the positive than that at the negative brush or it might be 
higher, This will depend on whether or not the “ionizing” , 
as we may term it,of the air gap requires less or more energy 
than that to overcome the pure resistance of the thin layer of. 
air, 

To find if the above mentioned descrepancy it would be of 
advantace,if not necessity,to use a smooth surface as that of a 
slip ring in place of a commtator as the difference would be 
so small that the oscilation of the brush might hide it. Also 
to get the same conditions when measuring between a negative 
brush and the ring as when measuring for the positive it would 
be well to cause the positive brush to become a negative one by 
simply reversing the current, One terminal of the voltmeter 
should be attatched to the: brush-and the other to a small 
metalic strip making a rubbing contact on the surface of the 
ring. If this method give a consistant difference in the 
potential drop between a brush and comnutator,under constant 
conditions,when used as a positive and negative electrode we 


may be justified in saying that there is an electrolytic action 
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present, If there is no difference we would not be justified 


in saying that there was no electrolytic reaction as it might 
be balanced by potential drop at the negative brush,or too 
small to detect. 

In case no difference in the resistance is found when a 
brush is used as a positive and when used as a negative the 
question as to whether the change of resistance with current 
density is due to electrolysis or a rearrangment of atoms is 
still open. 

The curves on sheet number five,made under similar conditions 
except as to temperature,show a convergence that indicates a 
limiting minimum value to the resistance. This fact might 
bear out either supposition that has been made, This change 
is mch greater for a given increment of current at low current 
densities, 

In all the curves plotted for this experiment the resistance 
for both positive brushes and negative brushes are used as that 
is the condition found in the actual operation of Direct Current 


Machinery, 
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The injury caused by sparking is due to an excessive current 
in the coil that,during commutation is short circuited by the 
brush, The object of this experiment is to find the magnitude 
of this current that flows during short circuit and how is rises 
at different stages of commutation,how it is changed by change 
of load,voltage,speed,position of brushes,ect. Also to show 
what shape it should follow in order that good commutation 
would Patt, How can this shape be obtained ? 

The scheme for accomplishing this is to measure the fall of 
potential over one of the end connectors with a sensative gal- 
vonometer and a low reading potentiometer, 

Slip rings were mounted on the shoulder of the commutator 
and connected to two points on an end connector,one point be- 
ing close to the armature and the other at the commutator riser, 
By using a contact maker the fall of potential over this may be 


taken for the various positions of the armature coil. 
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APPARATUS: - 


Leeds Northrupp Potentiometer. 

Weston Reflecting Galvonometer. 

Cont act-maker, 

Standard Cadmium Cell. 

Westinghouse Generator, 15 K, W.-115 Volts.-120. Amp. 

DISCUSSION: - 

The sparking of a generator is caused by a large cur- 
rent in a coil which tnecoasarily short circuited during the 
period of commutation, The magnitude of this current depends 
on the E. M. F. acting in that coil and the resistance of the 
coil,end connectors, brush, and commutator segments. 

The E, M. ¥, induced in the coil will depend on the speed of 
the armautre and on the strength of the field it is passing 
through at short circuit. The field thatit is cutting is not 
only the field of the machine as there is a field of self- 
induction and a field of mutual -induction as the current in the 
preceeding coil rises: after reversal and as the succeeding coil 
current falls off before reversal. 

The current in the preceeding coil has an effect that,in lap 
windings is added to that of the following coil. This total 
may or may not oppose the E. M. F. generated by any of the 


machine field that may be threading the short circuited coil, 
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depending on whether the brushes have lag or lead, The EM. i. 
of self-induction always tending to prevent a great change of 
current in any case. In the ideal case the change of current 
in the short circuited coil will be gradual and nearly a 
straight line as the current falls to zero from one direction 
and increases from zero in the other. 

Thismay be realized at slow speeds as the current change is 
comparatively slow and the inductions,self and mutual,are small 
If the coil now be located in a neutral part of the machines 
field there will be but a small current in the short circuited 
coil and the current distribution will be governed by Kirchoff’s 
laws and if the current be plotted as a function of time the 
curve will be much the same as shown in figure. 

The greater the reactance of the coil 

the more nearly a straight line the 

transition will be. In this case the 

current density is uniform over all the face of the brush,there 
is no sparking and the heating of the armature is a minimum, 

This result may be accomplished at high speed if the &. M. F. 
of self-induction and the E. M. F. caused by the machine field 
are balanced, = If the transition be a straight line the 
E. M. ©. of self-induction is constant and for a set of given 


conditions may be balanced by giving the brushes the right 
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amount of lead as is done in practice. This however requires 

a different position for each change of load to secure the 

ideal case ,though in practice one setting,that for full load or 
rather maximmm load the minemine is to carry,usuallt gives spark= 
less commutation though the armature heats considerably. This 
may be practically neutralized by a resistance in the contact or 
end connectors,preferably the former,that will give sufficient ' 
ohmic drop to keep the current in the short circuited coil with- 
in low limits. 


On account of mechanical disturbances of the galvonometer it 


has been as yet impossible to obtain data on this point. 


i Soi a % hs 
af SAOk He eee tt eae 


Twos os, 5 0F te ehmers fine "€4)2 aoltteor i c 


(+ *su"Sa0 eo fvom te ae ea: oe 


<ogte 6 AON ap Be Bs ue (toh 
et i aU P a 5M Fisk ae tsi doked f4 poe atiree. ut Qtr 
‘a hel ete 
ev a i otineiss 2 ‘Sees ubeich it CBOs ies oon AG Nerve 3'g a nes 
brid, O05 VED 
4 


‘v5 


f 4 y ali 
a ie Ch 


<5 


A, 


IN 


BASIS 
SAG 


SE BOY SGNO SOONG WING CIS 


